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Atom economy constitutes a key point of interest for new synthetic methodologies. Alkene 
defunctionalisation incorporating all atoms of reacting partners is, in this context, an excellent 
example. It allows a rapid increase of molecular complexity, in particular in radical 
transformations.[1] Over the past decades, photocatalysis has emerged as a selective and efficient 
way to generate reactive radical intermediates.[2] In recent years, the scope of atom transfer radical 
additions (ATRA) to alkenes has been extended under photocatalytic conditions, allowing them to 
take place under mild conditions at room temperature.[3]  

Alkynes have broad applications and are highly useful platforms for subsequent reactions. The 
development of new alkynylation strategies has become a major research topic in our group. 
Herein, we present a new metal-free photocatalytic method for the difunctionalisation of ene-
carbamates and enol-ethers. This methodology exploits the somophilic character of the 
EthynylBenziodoXolone (EBX) reagents to allow the atom economical oxyalkynylation of alkenes 
providing acetylene containing 1,2-aminoalcohols and 1,2-diols.[4] 

 

[1] M. P. Plesniak, H.-M. Huang, D. J. Procter, Nat. Rev. Chem. 2017, 1, 0077. 
[2] C. K. Prier, D. A. Ranic, D. W. C. MacMillan, Chem. Rev. 2013, 113, 5322-5363. 
[3] T. Courant, G. Masson, J. Org. Chem. 2016, 81, 6945-6952. 
[4] S. G. E. Amos, S. Nicolai, J. Waser, Unpublished results. 
 

 
 



SCS Seminars 2019/1, Trends in Organic Synthesis 18.-22.08.2019  

Directed Evolution of an E. coli Surface-Displayed Artificial Allylic 
Deallylase via the Expression of a GFP Reporter Protein 

Alain Baiyoumy, Fabian Schwizer 

Department of Chemistry, University of Basel, Basel 
Alain.baiyoumy@unibas.ch 

Artificial metalloenzymes (ArMs) possesses both characteristics of homogeneous catalysts and 
enzymes and allow the implementation of new-to-nature reactions in living organisms. [1,2] Here 
we present the directed evolution of an artificial metalloenzyme based on E. coli surface-displayed 
streptavidin (Sav). By addition of the ruthenium cofactor 1, an artificial allylic deallylase is formed, 
which displays catalytic activity towards the deprotection of alloc-bearing substrate 2. [3,4] The 
released aminophenol 3 finally triggers the expression of a fluorescent GFP reporter protein. We 
simultaneously saturated two amino acid residues in Sav near the ruthenium cofactor and screened 
2762 individual clones. A 2.9-fold increased in vivo activity vs. cellular background was obtained 
for Sav mutant S112T-K121G. Finally, a selection of Sav isoforms was purified and for the variant 
S112M-K121A a total turnover number of 336 was achieved (7.1-fold increase vs. Sav wild-type).  
The regulation of a gene-switch by an artificial metalloenzyme allows engineering new functions 
into living organisms with potentially applications in biotechnology and medicine.  
 

 

 

 

 



 

(1) Schwizer, F.; Okamoto, Y.; Heinisch, T.; Gu, Y.; Pellizzoni, M. M.; Lebrun, V.; Reuter, R.; 

Kö̈hler, V.; Lewis, J. C.; Ward, T. R., Chem. Rev., 2018, 118, 142-231.  
(2) Jeschek, M.; Reuter, R.; Heinisch, T.; Trindler, C.; Klehr, J.; Panke, S.; Ward, T.R., Nature, 
2016, 537, 661 – 665.  
(3) Völker, T.; Dempwolff, F.; Graumann, P. L.; Meggers, E., Angew. Chem. Int. Ed., 2014, 53, 
10536-10540.  
(4) Heinisch, T.; Schwizer, F.; Garabedian, B.; Csibra, E.; Jeschek, M.; Vallapurackal, J.; Pinheiro, 
V. B.; Marlière, P.; Panke, S.; Ward, T. R., Chem. Sci., 2018, 9 (24), 5383-5388.  
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Across the diverse enzyme classes, a common motif is the remarkable use of cooperativity between 
two or more transition metals as a strategy for activating relatively inert substrates and mediating 
challenging processes. [1] The growing interest in developing multinuclear metal complexes is 
because they may exhibit fundamentally different properties from their mononuclear counterparts, 
thus allowing to access new reactivities. 
 
Although several examples of chiral mononuclear nickel complexes are known, not many synthetic 
dinuclear complexes have been employed in catalysis. 
In 2014 Uyeda published the synthesis of a binucleating redox−active ligand, which is capable of 
stabilizing dinuclear Ni(I)−complexes in five different oxidation states. [2] 
 
 

 

 

Herein, we report a catalytic enantioselective methylenecyclopropanation of styrenes enabled by a 
novel chiral dinuclear Ni(I)−complex. 

 

[1] C. Uyeda, Synlett 2016, 27, 814-820. 
[2] C. Uyeda, Inorg. Chem.  2014, 53, 11770-11777. 
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Methyl formate, an abundant commodity chemical produced over 770,000 metric tons a year, has 
not been exploited for the difunctionalization of alkenes. Here we report a copper-catalyzed 1,2-
methoxy methoxycarbonylation of alkenes characterized by unprecedented use of methyl formate 
as a source of both the methoxy and the methoxycarbonyl groups.1 This reaction transforms styrene 
and its derivatives, another family of bulk chemicals, to value-added b-methoxy alkanoates, 
cinnamates as well as medicinally important five-membered heterocycles such as functionalized 
tetrahydrofurans, g-lactones and pyrrolidines. A ternary b-diketiminato-Cu(I)-styrene complex, 
fully characterized by NMR spectroscopy and X-ray crystallographic analysis, is capable of 
catalyzing the same transformation. Our finding suggests that pre-coordination of electron rich 
alkenes to copper might play an important role in accelerating the polarity mismatched addition of 
nucleophilic radicals to electron-rich alkenes and could have general implications in the design of 
novel radical-based transformations. 

 

[1]  Budai, B.; Leclair, A.; Wang, Q.; Zhu, J. Angew. Chemie Int. Ed. 2019. DOI: 10.1002/anie.201904263 
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Indole heterocycles have been found in a diverse range of biologically active compounds and 
natural products.1Recently, our group developed IndoleBenziodoXolones (IndoleBX)2 as useful 
reagents for the efficient transfer of indole moieties. The indole moiety can be installed through 
directed C-H bond functionalization under Rh(III) catalysis on N-pyridyl pyridines and quinolone 
N-oxides3. This new reaction showed tolerance towards a broad range of functional groups and 
was highly regioselective (functionalization of C-6 for N-pyridyl pyridines, and C-8 for quinoline 
N-oxides). Upon removal of the directing groups, indole-containing pyridones and isoquinolones 
products could be easily obtained. 

 

 

 
[1]  a) Jana, G. K.; Sinha, S. Tetrahedron Lett. 2010, 51, 1994. b) Sundberg, R. J.; Hong, J.; Smith, 

S. Q.; Sabat, M.; Tabakovic, I. Tetrahedron 1998, 54, 6259. 
[2]  a) P. Caramenti, S. Nicolai, J. Waser, Chem. Eur. J. 2017, 23, 14702. b) P. Caramenti, J. 

Waser, Helv. Chim. Acta. 2017, 100, e1700221 
[3] E.Grenet, A. Das, P. Caramenti, J. Waser, Beilstein J. Org. Chem. 2018, 14, 1208. 
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Nucleic acid templated reactions exploit the ability of nucleic acids to bind specifically to their 

complementary sequence, even at very low concentrations. The supramolecular interactions 

between two strands produce a highly pre-organized system that can be useful for synthetic 

chemistry or biosensing applications.[1] 

Our research focuses on phenylcarbonates as reactive entities in DNA templated reactions. The 

carbonates are attached to DNA strands by “click” chemistry and used as electrophiles in 

amine/carbonyl reactions. Templation by DNA allows the reaction to take place at micro- or 

nanomolar concentrations. 

 

 
 

When a reaction occurs, a reporter molecule such as a yellow coloured nitrophenolate or a 

fluorescent coumarin can be released, allowing an easy reaction monitoring. For systems where a 

ligation occurs, a successful reaction can also be showcased by denaturing polyacrylamide gel 

electrophoresis. 

 

[1] Gorska K., Winssinger N. Angew. Chem. Int. Ed. 2013, 52 (27), 6820–6843. 
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The enantioselective synthesis of all-carbon quaternary stereocenters within acyclic systems 
represents a major challenge for synthetic chemists. Strategies involving both single or multiple C-
C bond-forming events per chemical step have been developed but sensitive reagents and careful 
temperature control are typically required. [1,2,3,4] Here, we present the enantioselective synthesis of 
α-aryl-β-substituted amides bearing an all-carbon quaternary center. The reaction proceeds via 
radical cascade Smiles rearrangement triggered by the photoredox catalyst. In this process, a 
sulfoxide group serves as a chiral auxiliary being removed during the reaction. This novel method 
allows the production of a wide variety of derivatives not only in good yields, but also excellent 
levels of stereospecifity. 

 

 

[1] Dabrowski, J. A.; Villaume, M. T.; Hoveyda, A. H. Angew. Chem. Int. Ed. 2013, 52, 8156.  
[2] Alam, R.; Vollgraff, T.; Eriksson, L.; Szabó, K. J. J. Am. Chem. Soc. 2015, 137, 11262. 
[3] Marek, I.; Minko, Y.; Pasco, M.; Mejuch, T.; Gilboa, N.; Chechik, H.; Das, J. P. J. Am. 

Chem. Soc. 2014, 136, 2682. 
[4] Holmes, M.; Nguyen, K. D.; Schwartz, L. A.; Luong, T.; Krische, M. J. J. Am. Chem. Soc. 

2017, 139, 8114. 
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Radical chemistry emerges in recent years as a powerful method for the C-C bond formation. It 
allows the quick assemblage of complex structures.[1] As for the hydroakylation of alkenes, while 
most of the reports involve electron-poor alkenes,[2] the hydroalkylation of unactivated or 
electron-rich olefins are less documented. Recently, Renaud et al. reported the hydroakylation of 
mono- and polysubstituted unactivated alkenes using TBC (tert-butylcatechol) as the hydrogen 
source in the presence of air/triethylborane as the radical initiator.[3] Herein, we developed the 
hydroalkylation of electron-rich alkenes. It is noteworthy that stereoselective hydroalkylation was 
achieved by adopting chiral oxazolidinone auxiliary.  

 

[1] J. Choi, G. C. Fu, Science 2017, 356, eaaf7230. 
[2] J. Streuff, A. Gansäuer, Angew. Chem. Int. Ed. 2015, 54, 14232–14242. 
[3] G. Povie, S. R. Suravarapu, M. P. Bircher, M. M. Mojzes, S. Rieder, P. Renaud, Sci. Adv. 

2018, 4, eaat6031. 
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One of the most appealing application of this strategy is synthesis of combinatorial libraries of 
compounds on solid surfaces, in particular the DNA chips, where different sequences of oligonucleotides 
are spatially localized at different spots in the chip. These libraries are commonly prepared by initially 
covering the chip with the first nucleotide bearing a photocleavable protecting group, which is removed at 
the specific position by exposing the whole chip to UV light through a cover. At this point the deprotected 
spots are connected with the next nucleotide bearing themselves a photocleavable protecting group via 
classical reagents. Herein we want to invert the strategy, the connection of the next monomer to the 
growing chain will proceed directly with localized irradiation (laser or UV-LED source) through a 
pinhole as shown in the Figure 1. 

 

Figure 1: Surface based peptide synthesis 

Each monomer bears from the start a photocleavable protecting group in one terminus and a 
classical protecting group in the other terminus. With this strategy one can have access to the 
desired chemistry in any given sequence at any time at any spot on the chip, because all the 
events are localized and independent of each other. The peptide analogous of DNA chips are 
called ProtoArry,® and they have been used in profiling protein-protein interaction, immune 
response biomarkers, small molecules, enzyme substrates antibody specificity. 
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3-Acyl triazenes are well-studied compounds with applications in medicinal and synthetic 
chemistry [1,2]. In contrast, there are hardly any reports about triazenes with acyl groups attached 
to the N1 atom, and general methods to prepare these compounds are missing. Here, we show that 
1-acyl triazenes are readily accessible by acid-catalysed hydration of 1-alkynyl triazenes, or by 
gold- or iodine-catalysed oxidation of 1-alkynyl triazenes [3]. Crystallographic analyses show that 
1-acyl triazenes are characterized by very short N2-N3 bonds. 1-Acyl triazenes display high 
thermal and hydrolytic stability, and tolerate oxidative and strong basic conditions. Under strong 
acidic conditions, 1-acyl triazenes acts as acylation reagents. This reactivity could open-up new 
pathways for organic synthesis. In addition, functional group transformation of 1-acyl triazenes 
could lead to building blocks that enable late-stage functionalization. 

 

 

[1]  D. B. Kimball, M. M. Haley, Angew. Chem. Int. Ed. 2002, 41, 3338–3351. 
[2]  (a) A. Sousa, F. Santos, M. M. Gaspar, S. Calado, J. D. Pereira, E. Mendes, A. P. Francisco, 

M. J. Perry, Bioorg. Med. Chem. 2017, 25, 3900–3910. (b) H. H. Chou, R. T. Raines, J. Am. 
Chem. Soc. 2013, 135, 14936–14939. (c) R. H. Smith, A. F. Mehl, D. L. Shantz, C. J. 
Michejda, G. N. Chmurny, J. Org. Chem. 1988, 53, 1467–1471. 

[3]  G. Kiefer, T. Riedel, P. J. Dyson, R. Scopelliti, K. Severin, Angew. Chem. Int. Ed. 2015, 54, 
302–305. 
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Bromodomains play a key role in the complex epigenetic regulation processes as “reader” 
modules of acetylated lysine residues on histone tails. This leads to a signaling cascade to activate 
the transcription and expression of genes.[1] Highly homologous CBP and P300 bromodomains 
have recently received significant interest due to their important role in the development of 
various human cancers.[2] However, their specific biological functions remain elusive. 
Orthosteric inhibitors of CBP/P300 bromodomains could further clarify the roles of these proteins 
in promoting disease.  

Previously we reported CBP/P300 inhibiting chemical probes, bearing a p-ethoxy-acetophenone 
head-group that mimics the endogenous acetylated lysine.[3,4] Extensive optimization efforts 
afforded lead compounds with low-nanomolar potency, exquisite selectivity over related proteins 
and adequate metabolic stability and toxicity profiles. However, critical solubility issues and lack 
of cellular target engagement prevented further in vivo development of these molecules.  

In this work, we examined various strategies to address these challenges, including the addition 
of solubilizing moieties, substitution patterns prone to disrupt planar conformations and an 
increase in the amount of sp3 carbon atoms. Significant improvements could be achieved without 
sacrificing the potency of our probes.  

In addition, via in silico high-throughput fragment-docking, a new head-group has been 
discovered, furnishing an improved potency and solubility compared to the previously reported p-
ethoxy-acetophenones.  

 

[1]  T. Fujisawa and P. Filippakopoulos, Nat. Rev. Mol. Cell Biol., 2017, 18, 246–262. 
[2]  N. G. Iyer, H. Özdag, C. Caldas, Oncogene, 2004, 23, 4225–4231. 
[3]  A. Unzue, M. Xu, J. Dong, L. Wiedmer, D. Spiliotopoulos, A. Caflisch, C. Nevado, J. Med. 

Chem., 2016, 59, 1350–1356. 
[4]  L. Batiste, A. Unzue, A. Dolbois, F. Hassler, X. Wang, N. Deerain, J. Zhu, D. Spiliotopoulos, 

C. Nevado, A. Caflisch, ACS Cent. Sci., 2018, 4, 180–188. 
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Azides are important and versatile building blocks in synthesis, allowing a fast access to an array of 
different functionalities[1] (e.g. amines, triazoles), notably highlighted by their use in 
bioconjugation[2][3]. Under the action of a catalytic amount of iron(III) acetylacetonate [Fe(acac)3], 
various ketoxime esters and N-acyloxy imidates were reacted with trimethylsilyl azide (TMSN3) 
achieving a new access to γ-azido ketones and β-azido alcohols[4]. 
 

 

 

This novel remote C(sp3)-H bond azidation occurred following a sequence of reductive generation of 
iminyl or imidate radical, 1,5-hydrogen atom transfer (1,5-HAT) and iron-mediated redox azido 
transfer to the translocated carbon radical. In this unprecedented transformation, the iron catalyst does 
not only act as a reductant for the generation of the key radical intermediates but also as a platform to 
promote the redox transfer of the azido moiety. This methodology was successfully applied to the 
synthesis of a huge variety of γ-azido ketones and β-azido alcohols in moderate to excellent yield.  

 

[1] S. Bräse, C. Gil, K. Knepper, V. Zimmermann, Angew. Chem. Int. Ed. 2005, 44, 5188-5240. 
[2]  Q. Wang, T. R. Chan, R. Hilgraf, V. V. Fokin, K. B. Sharpless, M. G. Finn, J. Am. Chem. Soc. 

2003, 125, 3192-3193. 
[3]  C. I. Schilling, N. Jung, M. Biskup, U. Schepers, S. Bräse, Chem. Soc. Rev. 2011, 40, 4840-4871. 
[4] R. O. Torres-Ochoa, A. Leclair, Q. Wang, J. Zhu, Chem. Eur. J. 2019, DOI: 

10.1002/chem.201901079 
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Organic aromatic helicenes commonly possess key photophysical features, like absorption, 
fluorescence and electronic circular dichroism (ECD) properties, that make them potential 
candidates for bio-imaging and optoelectronic applications. [1] Previously, an efficient tuning of 
the optical properties of original cationic [4]helicene 1 was achieved through regioselective post-
functionalisation on the “northern region”. Electron-withdrawing groups generally shifted 
absorption maxima and emission towards higher energies while enhancing the fluorescence 
quantum yields. Conversely, electron-donating groups bathochromically shifted the absorption 
maxima and emission towards the red. [2]  

 

In this present work, non-symmetrical disubstituted [4]helicenes have been prepared. Herein, we 
report comparison between the optical properties of mono 2 and bis 3 functionalised cations to 
establish some trends in the electronic influence of the substitution pattern on the absorption and 
emission properties, disclosing new perspectives for these aromatic dyes.  

 

[1]  J. Bosson, J. Gouin and J. Lacour, Chem. Soc. Rev., 2014, 43, 2824-2040 
[2]  I. Hernandez Delgado, S. Pascal, A. Wallabregue, R. Duwald, C. Besnard, L. Guénée, C. 

Nançoz, E. Vauthey, R. C. Tovar, J. L. Lunkley, G. Muller and J. Lacour, Chem. Sci.,  2016, 
7, 4685-4693.  
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Complexes of [CpRu(CH3CN)3][X] (X = PF6 or BArF) and diimine ligands are known to promote 
diazo decomposition. It has been reported that such [CpRu] combinations efficiently catalyze the 
decomposition of α-diazo-β-ketoesters. The generated electrophilic metal-carbenes form ylides in 
presence of various Lewis basic substrates, such as cyclic ethers, ketones, lactones and lactams. 
Subsequently, the reactive intermediates undergo different rearrangement or insertion 
reactions.[1]  
 
Herein, we report the one-step synthesis of diaza polycyclic compounds of type 1 by a specific 
combination of bicyclic ether 2 and diazomalonate 3 under [CpRu] catalysis via a four- 
component cascade involving 1,3-dipole generation and [2+3] cycloadditions. Interestingly, all 
postulated intermediates can be synthesized and isolated independently. Various reactions of 
intermediate 4 will be presented, including that with arynes. Reactivity of benzyne with dioxenes 
of type 5 will be also briefly considered. 
  

 

 
[1] (a) L. Egger, L. Guénée, T. Bürgi, J. Lacour Adv. Synth. Catal. 2017, 359, 2918-2923. (b) C. 
Tortoreto, T. Achard, L. Egger, L. Guénée, J. Lacour Org. Lett. 2016, 18, 240-243. (c) T. Achard, 
C. Tortoreto, A. I. Poblador-Bahamonde, L. Guénée, T. Bürgi, J. Lacour Angew. Chem. Int. Ed. 
2014, 53, 6140-6144. (d) C. Tortoreto, T. Achard, W. Zeghida, M. Austeri, L. Guénée, J. Lacour 
Angew. Chem. Int. Ed. 2012, 51, 5847-5851. 

 


